there is still some confusion on the criteria of these different subtypes. The MCA anomalies are often mentioned in the literature, although the subtypes are rarely elaborated on. Therefore, the aim of this study was to firstly review the available literature on the cortical branches, branching pattern and anomalies of the MCA, secondly to identify the gaps in the literature, and lastly to fill these gaps by including the results of a pilot study.
█ INTRODUCTION
T he middle cerebral artery (MCA) covers a large part of the cerebral hemispheres and is exposed during surgical intervention in this area (17, 63) . Aspects of cerebral branches tend to vary, different branching patterns can be described, and several anomalies can be observed. Knowledge of these variations and anomalies is important and can be helpful to neurosurgeons and clinicians (20) . The diameter, length, absence and duplication of the MCA cortical branches are not thoroughly reported. Furthermore, descriptions of the origins and possible common trunks of these branches are still lacking in the literature. Bifurcation and trifurcation branching types are usually described, while most studies fail to mention the different subtypes. Moreover, into four segments; the M1 segment (sphenoid or horizontal segment), the M2 segment (insular segment), the M3 segment (opercular segment), and the M4 segment (cortical branches). The branching of the MCA involves the trunk (M1 or M2 segment) of the MCA dividing into two or three smaller trunks. Anomalies can be observed at the first part of the MCA trunk, which includes extra vessels and fenestration (5, 39, 56, 63) . The cortical branches, the branching pattern, and the possible anomalies of the MCA will be discussed separately.
Cortical Branches
The cortical branches include the orbitofrontal artery (OfA), prefrontal artery (PfA), precentral artery (PcA), central artery (CA), anterior and posterior parietal arteries, angular artery (AA), temporal arteries (temporopolar, anterior, middle and posterior temporal arteries) and temporo-occipital artery (ToA). These cortical arteries can arise prior to the branching, from the trunks formed by the branching, from another cortical branch or in conjunction with another cortical branch (56) . The most common origins of these cortical arteries are illustrated in Figure 1 .
Origin prior to branching: If a cortical artery originates prior to the initial branching, the artery is referred to as an "early branch". Early branches can be divided into early frontal branches (EFB) or early temporal branches (ETB) (7, 17, 23, 55, 63, 71) . The OfA, temporopolar artery and anterior temporal artery (ATA) typically arise as early branches (17, 63) . Four configuration can be defined; no early branches, only EFB, only ETB, or early frontal and early temporal branches (75) . Rhoton (63) stated that there is typically only one early branch present, while Ciszek et al. (7) stated that an EFB was frequently positioned between two ETB. Gibo et al. (17) observed five cases (10.0%) of EFB and 17 cases (34.0%) of early temporal branches. Furthermore, Ogeng'o et al. (55) observed 104 cases (36.1%) of EFB and 184 cases (63.9%) of early temporal branches.
Origin after branching:
When the cortical branch arises after the branching, it can originate from the superior, middle or inferior trunk. In bifurcation and trifurcation (Figure 1 ), the inferior trunk usually gives rise to the temporal arteries. The parietal arteries and the angular artery can arise from either trunk in bifurcation, and usually arises from the middle trunk in trifurcation. If bifurcation occurs, the superior trunk typically gives rise to the OfA, prefrontal, precentral and central arteries. With the trifurcation pattern, the superior trunk usually gives rise to the OfA and prefrontal arteries, while the precentral and central arteries can originate from either the superior or the middle trunk (5, 39, 47, 63, 72, 84) .
Branching Pattern
The branching pattern is determined by the division of the main trunk into smaller trunks. Bifurcation and trifurcation is most commonly described, although other types have been observed and several subtypes can be identified. Eleven different branching types can be distinguished from the literature and these include bifurcation subtypes (medial bifurcation, lateral bifurcation, medial pseudobifurcation, and lateral pseudobifurcation), trifurcation subtypes (true trifurcation, pseudotrifurcation, proximal trifurcation, and distal trifurcation), monofurcation, tetrafurcation, and pseudotetrafurcation ( Figure 2A-K) (5, 19, 39, 56) .
Bifurcation subtypes:
For the bifurcation subtypes, medial and lateral branching refers to the distance of the branching from the MCA origin (either close or further away, respectively). In pseudobifurcation (also referred to as false bifurcation), a large cortical artery originates from the main trunk and gives a false impression of a bifurcation (39).
Trifurcation subtypes:
In the trifurcation subtypes, true trifurcation ( Figure 2H ) is rarely observed. In the other trifurcation subtypes, the MCA bifurcates and the dominant branch subsequently bifurcates again to give rise to a middle branch. In pseudotrifurcation (Figure 2I ), the first and second bifurcation is less than 2 mm apart. With proximal trifurcation ( Figure 2J ), the most common subtype, the two bifurcations are more than 2 mm apart. In distal trifurcation ( Figure 2K ) the two bifurcations are more than 2 mm apart, and more than a quarter of the distance between the MCA origin and the first bifurcation (28).
Other branching types: Grellier et al. (19) described monofurcation as branching after the limen insulae, although monofurcation can also be termed when there is no division of the main trunk. Tetrafurcation ( Figure 2B ) is when the branching forms four trunks, and pseudotetrafurcation ( Figure 2C ) is when both the inferior and superior trunks bifurcate again near the initial bifurcation (25).
The prevalence of the branching types and subtypes is summarized in Table I 
Duplicated middle cerebral artery:
Two subtypes can be defined concerning origin and diameter ( Figures 3F and 3G ). Type A (most common) has a similar diameter compared to the main MCA trunk and arises from the top of the ICA (a more distal origin). Type B has a smaller diameter compared to the main MCA trunk and arises between the top of the ICA and anterior choroidal artery (a more proximal origin) (29,50). Type A can be regarded as an atypical early arising MCA trunk, and Type B as an atypical early arising MCA cortical branch (6).
The duplicated MCA was present in 0.3% to 7.1% (Table  II) In summary, information on the origin of the cortical branches is available; however, cortical branches arising from or in conjunction with another cortical branch have not been described. Additionally, few reports have been given on the diameter, length, absence and duplication of MCA cortical branches. Eleven different branching types can be distinguished from the literature; however, some criteria are still lacking. The prevalence of the MCA anomalies has been adequately reported in the literature; however, few studies mention the different subtypes. Therefore, a pilot study was done to fill these gaps.
█ PILOT STUDy
For the pilot study, 20 hemispheres were perfused with colored silicone and the MCA was dissected (Figure 4) . The diameter and length of the cortical branches were measured, any absent or duplicated arteries were reported, and the origins were noted. The diameter was measured using a digital micrometer and the length was measured using string and a ruler. The branching pattern was identified and any anomalies were noted.
█ RESULTS
Cortical Branches
There is substantial deviation in the size, number and origin of the MCA cortical branches (17) . Table III gives the frequency that each cortical branch was observed and duplicated. The average diameter and length of each cortical branch is noted, as well as the origins.
The temporopolar artery was the smallest and shortest artery and the posterior parietal artery was the largest and longest cortical branch. Most commonly absent was the common temporal artery in 65.0% and most commonly duplicated was the anterior communicating artery (AcoA) ( 
Fenestration:
Fenestration is when a vessel has a common origin, splits into two channels and then rejoins (4, 15, 60) . These fenestrations can be either small slit-like or large convex-like (8, 79) and small slit-like fenestrations are the most common (18). Fenestrations of the MCA are typically observed in the M1 segments, although it can also be present in the M2 segment ( Figure 3K ). 
Branching Pattern
Eleven different branching types can be distinguished from the literature (Figure 2A-K) . However, the precise distances used to classify the different branching subtypes are not reported in previous studies. Since most authors define early branching as branching before 5 mm (40,71), medial and lateral branching were defined as branching between 5 mm and 20 mm, and branching after 20 mm, respectively.
The bifurcation subtypes that were observed included medial bifurcation (50.0%), lateral bifurcation (25.0%), and lateral pseudobifurcation (5.0%). Medial pseudobifurcation was not observed. Trifurcation subtypes that were observed included proximal trifurcation (10.0%) and distal trifurcation (5.0%).
True trifurcation and pseudotrifurcation were not observed. Not all studies differentiate between true trifurcation and pseudotrifurcation since these branching types are very similar. Nevertheless, this distinction is important to determine the correct prevalence of these branching types. Tetrafurcation and pseudotetrafurcation were not observed, however, one case of monofurcation was present. The prevalence of these branching subtypes has a large range, and this may indicate that authors do not always use the same criteria for the same branching types.
the anterior parietal artery in 30.0%. There were no triplicated cortical branches.
The inferior trunk usually gave rise to the temporal arteries and the superior trunk typically gave rise to the OfA, PfA, precentral and central arteries. The angular artery and parietal arteries originated from either the superior or the inferior trunk. The temporopolar artery (54.5%) and the prefrontal artery (27.8%) typically originated as early branches. Common 
Anomalies
Unfortunately, there were no MCA anomalies observed in the 20 hemispheres. The average prevalence of the MCA anomalies calculated from Table II are very low (accessory MCA (1.4%), duplicated MCA (0.9%) and MCA fenestration (0.3%)). This low prevalence indicates that a larger sample size is needed.
█ DISCUSSION
This study reviewed the available literature on the cortical branches, branching pattern and anomalies of the MCA. A pilot study was done to fill the gaps that were identified. Limited research with regard to the diameters, length, presence and duplication of the MCA cortical branches have been done, therefore these aspects were reported in the pilot study. The origins and possible common trunks are also not thoroughly discussed in the literature and were thus noted in the pilot study. The MCA branching types have been discussed in previous studies, although the subtypes are normally neglected. The criteria for each branching subtype has not been previously described, therefore this was described in the pilot study. The branching types were identified in the 20 hemispheres and an illustration of the different subtypes is given to ensure there is no confusion on these subtypes in future studies. Although there were no MCA anomalies observed in the pilot study, the review summarized the prevalence and described the different subtypes. An illustration of these anomalies is given to ensure future studies can correctly classify the anomalies, and consequently be able to mention the specific subtypes.
A shorter length may play a role in aneurysms formation and changes in diameter can indicate certain diseases (92) . Knowing the range of these aspects is therefore important. Aneurysms are frequently observed at areas where branching occurs; therefore, knowledge on the different patterns is crucial for aneurysm related surgeries (17, 28, 55) . The accessory or duplicated MCA can offer potential collateral supply in the event of a stroke; therefore, the clinical signs of a stroke can be confusing if the anatomy of the MCA is not known (27, 55, 73, 84) . Furthermore, these anomalies may be associated with aneurysms.
█ CONCLUSION 
